Phenotypic plasticity of 22 spruce provenances in three test plots located in the European North of Russia was studied. Parent spruce stands are located within the Russian Plain and are represented by Picea abies (L.) Karst., P. obovata (Ledeb.) and two introgressive hybrids. In the test plots located in the middle and southern taiga subzones P. abies provenances are tested northward of its distribution area and P. obovata provenances are tested within the distribution area and nearby its boundaries. phenotypic plasticity of the spruce provenances was assessed. Straight-line regression coefficient based on survival, diameter, and height was calculated. All provenances are divided into two groups: plastic and non-plastic provenances. High plasticity is observed more often for P. abies and hybrids forms with properties of P. abies. Plastic provenances based on three parameters grow in the Leningrad, Pskov, Vologda, Kostroma and Karelia. Area of parent stands growing is quite small-size and lies between 56º30´ -61º40´ N and 30º30´ -42º30´ E. Adaptive provenances of P. obovata and its related hybrids forms grow in the North-Eastern part of the Russian Plain that could be consequence of its distribution in Holocene. Picea abies being the more adaptive species would be more responsive to climate changes in terms of survival and growth rate than P. obovata. Therefore, in case of sustainable climate warming in the Northern areas of the Russian Plain, the further propagation and major distribution of P. abies with further competitive replacement of P. obovata can be expected.
Introduction
Provenance tests have more value in gen-ecological studies. Provenance trials contain large-scale genetic resources ex situ concentrated within small-size areas. They are objects of genetic monitoring (Iroshnikov 2002) providing multivariate stationary studies and assessment of provenances adaptive capacity based on their age and ecological stability (Rone 1979) .
At present, it is considered that provenance trials can be used not only for provenances selection for the purpose of reforestation in certain regions as well as for seeds transfer. These experiments can be used for study of species history and their distribution within a certain territory (Lindgren & Persson 1995) , for study genetic variations and migration (Potokina et al. 2015) . A provenance trial can be used as a model for predicEditor: Dušan Gömöry *Corresponding author. Elena Nakvasina, e-mail: nakvasina@yandex.ru, phone: +7818 2216174 tion of climate changes impact on species productivity and survival is of a special interest (O'Neill et al. 2008; Gömöry et al. 2012; Kapeller & Schüler 2012) . Natural climate warming (shift towards south) or cooling (shift towards north) is simulated in provenance test when we use seeds from the parent stands from the north or to the south of a test plot. In new conditions, wide range of genetic variations of a species demonstrating its genetic differentiation and environmental sustainability can be observed (Petrov 1987) . In the opinion of I. I. Kamalova (Nakvasina et al. 2008) , it can take place because of genotype frequency shift from homeostasis in the areas of parent stands growing.
To study different adaptation of tree provenances to climate changes various parameters are used. For spruce provenances, height of trees of different ages (Beaulieu & Rainville 2005; Gömöry et al. 2012; Kapeller et al. 2012) or diamter growth (Suvanto et al., 2016) were used. We carried out the similar studies on Scots pine and spruce provenances response to climate change in terms of growth rate and seeds production (Nakvasina 2003 (Nakvasina , 2014 Nakvasina et al. 2008 Nakvasina et al. , 2016 .
Study of intraspecific variability and phenotypic plasticity related to population origin and growing conditions is considered of higher priority (Mátyás 2006; Garzón et al. 2011; Kapeller et al. 2012; Suvanto 2016) .
In wide sense, plasticity means biological ability of species to adapt to environmental conditions. Phenotypic plasticity means ability of an organism to change its phenotype in response to changes in the environment without genetic change (Gienapp et al. 2008; Price et al. 2003) . Plasticity is based on homeostatic responses. Phenotypic plasticity provides stability of large populations, such as spruce populations (Gomez-Mestre & Jovani 2013) .
However, species tests beyond its natural distribution area is of specific interest (Kapeller & Schüler 2012) , as species response to climate changes can be explained by species distribution history, its migration from the distribution area center (Kapeller et al. 2012 ). For P. abies such opportunity is provided by provenance tests established in Russia. The eastern boundary of this species distribution area goes just within the Russian Plain area. Here, the species comes in contact with P. obovata and forms an introgressive hybridization zone.
We studied provenances of Picea abies (L.) Karst. and P. obovata (Ledeb.) in provenance trials located in the European North of Russia within the natural distribution area of P. obovata. Picea abies provenances grow in provenance trials beyond the distribution area of this species. Environmental conditions of the taiga zone considerably differ from optimal growing conditions for this species in the distribution area and therefore, it would make it possible to assess its phenotypic plasticity in extreme growth conditions. We can also compare phenotypic plasticity of P. abies and P. obovata. Provenances of P. obovata are tested in optimal growing conditions for this species or in simulated climate warming conditions.
Materials and methods
In the European North of Russia spruce provenances were tested in three test plots (Fig. 1 ) located in the southern taiga subzone (the Vologda Region, "Vologda" test plot, and in the middle taiga subzone (the Arkhangelsk Region, "Plesetsk" test plot, Komi Republic, "Komi" test plot). These plots make a part of the State Provenance Trial Network of the USSR established in 1970s (Rodin & Prokazin 1996 Shutyaev 1990 ). Geographical and environmental characteristics of the test plots are given in Table 1 . Latitude difference of the test plots is 2.5-3.5° N, longitude difference is up to 14° E. In the Arkhangelsk and Vologda Regions climate is continental, in Komi Republic climate is strong continental result from proximity of the Urals. Provenances are grown on podsolic soils in spruce-blueberry shrub forest type. Provenance trials were established in 1977. For tree planting 3-year seedlings were used for planting. Plant spacing: 0.75 m, row spacing: 2.5 m. Average block area -0.25 ha, number of planted trees is about 400 in 3-6 replications. Supervisor of the test plots (Northern Research Institute of Forestry, Arkhangelsk, Russia) carries on regular observations. For study of spruce provenances, the generally accepted Russian method of provenance tests of the main forest-forming species (Prokazin 1972) approved by the Basic Research Council on Forest Genetics, Selection, and Seed Production was used. For each provenance diameter (DBH) was measured at least for 100 randomly selected plants with accuracy of 0.1 cm. Average tree height for the provenance was determined using a height profile developed based on diameter and height values measured for at least 25 plants of different diameter classes in each variant. Survival was determined (in per cent) by number of survived trees against total number of trees initially planted out in blocks.
In our research 22 spruce provenances growing in each test plot were chosen. Geographical coordinates and forest types of their parent stands and taxation param-eters of tested provenances are given in Table 2 . List of tested provenances includes provenances from the northern, middle, and southern taiga subzones and mixed forest zone located within the Russian Plain (Fig. 1) . Seven from 22 provenances are represented by P. obovata (L.) Karst., and six are represented by P. abies (Ledeb.). The rest provenances are represented by their introgressive hybrid forms distinguished by scale edges of mature macrostrobiles (Pravdin 1975; Orlova & Egorov 2010) . Provenances represented by hybrid forms are of two types: hybrids with P. obovata characters (4 provenances) and hybrids with P. abies characters (6 provenances).
For ecological plasticity calculation the method developed by S. Eberhart and W. Russel (1966) in S. A. Petrov (1984) interpretation was used. The method is used in system experiments when the same provenances (at least three) are cultivated in different environmental conditions. The method by S. Eberhart and W. Russell (1966) is widely use in Russia and other countries for assessment of agricultural field and fruit sorts and species crop capacity (Scapim et al. 2000; Besedina et al. 2014; Gulnyashkin et al. 2014; Krasnova et al. 2014 ). This method was used in provenance trials for forest species plasticity assessment (Shutyaev & Giertych 1997 Nakvasina et al. 2008) .
According to the method (Eberhart & Russell 1966) , total variability (plasticity) of a provenance under test conditions is characterized by linear regression coefficient (b i ). Provenances with b i > 1 are characterized by high plasticity and easily adapt to cultivation conditions; in case of cultivation conditions improvement better results can be expected. Provenances with b i < 1 have low The method makes it possible to calculate environmental condition index intended for assessment of differentiation of provenance cultivation conditions (Eberhart & Russell 1966; Petrov 1984) .
The present study is based mainly on Eberhart and Russell (1966) Phenotypic plasticity was estimated based on three parameters: survival, diameter, height. For estimation of growth parameters of phenotypic plasticity we used average increment calculated as height and diameter divided by biological age of a spruce because the differences in years of observations and stands ages. ANOVA (SPSS v 22.0, GLM procedure) with groups of plasticity and spruce species on survival and growth parameters of spruce provenances as fixed factors was used to test differences in survival and growth parameters, and interactions between them. For the statistical data analysis, correlation analysis was used. Significant value was accepted at the P < 0.05 level.
Results
Differences in growth conditions in the spruce test plots in the taiga zone of the Russian Plain are proved by environmental condition indices determined using the S. Eberhart & W. Russell (1966) method (Table 3) . The best conditions when the index has positive value, the worst conditions when the index has negative value (Korzun & Bruilo 2011) . In the test plots Plesetsk and Vologda environmental conditions of spruce growth are quite favorable; in the test plot Komi growth conditions are worse. Environmental conditions impact spruce provenance survival rather than diameter and height of survived trees.
Survival and growth rate of 22 spruce provenances in different test plots differ but have common behavior related to spruce age. Spruce provenances from low-latitudes (P. abies) have worse survival during first years after planting out. In this period northern provenances represented by P. obovata have better resistance to environmental conditions (Nakvasina et al. 1990; Tarkhanov 1998) . They maintain better survival also later. In most cases, survived P. abies trees have higher growth rate than P. obovata (Nakvasina & Gvozdukhina 2005; Faizulin et al. 2011; Demina et al. 2013) . Correlation coefficients (Table 5) were important for estimating mean values of and Eberhart and Russell's coefficient (b i ) and Wrick's ecovalence (W i 2 ), as well as pair combinations between them. The correlation between the coefficients was significant for survival (0.417). The same indicator has a significant correlation between mean values and Eberhart and Russell's coefficient (b i ). Correlations between the other pairs of combinations were not significant. It can be assumed that with a larger number of tested genotypes this effect can be stronger (Becker 1981) .
Discussion
For practical purposes it is important to select genotypes that will respond to a changed environment and give the best results. Such a possibility is provided by the approach of Eberhart and Russell (1966) , which proposes to evaluate the plasticity by the coefficient b i . Therefore, according to the linear regression indicator, the tested genotypes were divided into two groups: Group 1 -(b i > 1) -plastic populations; Group 2 -(b i < 1) -non-plastic.
Among P. obovata and its hybrid forms, the most provenances are assigned by survival and growth to Group 2 (b i < 1), i.e. non-plastic. It is especially typical for survival. Provenance No 23 (P. obovata, Arkhangelsk Region, Kholmogory District) from the Northern taiga subzone is different as can be assigned to Group 1 by three indices. Three more provenances have high plasticity index (b i > 1) for certain parameters: for survival (P. obovata, Sverdlovsk Region, No 40) and for height (P. obovata, Perm Region, No 39 and hybrid form with properties of Picea obovata, Udmurtia, No 35).
For P. abies and its hybrid forms the high index (b i > 1) is observed more often and represents high plasticity of the species. It is especially typical for survival. Five provenances of P. abies and its hybrid forms characterize by high plasticity both in survival and growth. These are provenances from Leningrad (No 5), Pskov (No 7), Vologda (No 24), Kostroma (No 27) Regions, Karelia Republic (No 3). They are located in different zones and taiga subzones: in the middle and southern taiga subzones and mix forest zone. However, the area of initial stand habitats of these provenances is quite local and is restricted by 56º30´ -61º40´ N and 30º30´ -42º30´ E.
The genotype survival has a clear differentiation (P < 0.05) by selected groups of plasticity and by species and forms of spruce (Table 6 ). The stability of the provenances in the new environmental conditions during the testing of spruces genotypes can be considered as priority in the practical genotypes assessment. Growth (height and diameter) is less impacted by the environment. The provenances maintain hereditarily fixed growth parameters and implement them when the growing conditions change in accordance with the reaction norm. Plastic provenances of Picea abies and its hybrid forms are concentrated near the western boundaries of the Russian Plain (Fig. 2) . It can be a result of closeness of the spruce refugium located in the territory of Belovezhskaya Pushcha from where spruce migration towards north-east has occurred (Dering & Levandovski 2007) .
At the same time, plastic provenances of Picea obovata and its hybrid forms are dispersed all over the northwestern part of the Russian Plain that can be a result from P. obovata propagation to the Russian Plain from Siberia via the Polar Urals (Popov 2005) . In the North-Eastern part of the Russian Plain plastic spruce provenances mixed with provenances close to plastic ones, i.e. they are not plastic in all studied parameters (they can be named as partly plastic). Such genomic clustering of parent populations is typical of Eurasian spruce species (Melnikova et al. 2012) . According to Garzón et al. (2011) , different response to climatic changes can be expected for species and provenances with different phenotypic plasticity. In general, Picea abies, due to its better plasticity, would be more responsive to climatic changes in production properties (survival and growth). Picea obovata is a more conservative species and would poorly respond to climatic changes. It agrees with a general conclusion made by Kapeller et al. (2012) for Picea abies, that southern spruce species from a zone with higher temperatures and less precipitation would be more suitable for use in new environmental conditions. Gömöry et al. (2012) noted that high-latitude spruce provenances are more resistant and low-latitude spruce provenances are more sensitive to climate change. Persson (1998) considers it as a result of decrease of required cold resistance under climate warming.
In this case, in future, with climate warming in the Northern areas of the Russian Plain, we can expect further Picea abies dispersion and its suppression on Picea obovata. For species adaptation to climate warming several species generations will required (Beaulieu et al. 2005) . It should be taken into consideration that forest ecosystems have high tolerance providing their high resistance to unfavorable environmental impact. In addition, so called adaptive delay (for about 100 years) of species response to climate changes takes place (Savolainen et al. 2004 ). Therefore, P. abies dispersion over the Russian Plain would be slow and first it would cause extension of introgressive hybridization zone. It can cause decrease of P. abies phenotypic plasticity due to hybridization with less plastic P. obovata.
Conclusions
Picea abies (L.) Karst. provenances have better phenotypic plasticity, including the response to the climate changes. In future, on sustainable climate warming, this species could predominate in the Russian Plain and start to force out P. obovata (Ledeb.).
Variability of phenotypic plasticity observed for populations of spruce species (Picea abies (L.) Karst. and P. obovata [Ledeb.] ) and for their hybrids forms occurring in the contact zone proves necessity in further study of certain provenances. Selection based on provenances phenotypic plasticity would make it possible to solve some production problems related to adaptation of forest-forming species to climate changes.
